Abstract: Forensic pathologists ought to take photographs of all important external and internal findings revealed at autopsy. Tethered photography offers a sophisticated strategy for direct visualization of captured images in an autopsy room, either wired or wirelessly, on larger screens (e.g., smartphones, tablets, monitors). It involves transmitting captured images from a digital camera to a computer or a mobile device, where the image files are saved to a hard drive and displayed on the device's screen. We present a simple technique for tethered photography suitable for an autopsy room environment based on using memory cards that can create an ad hoc Wi-Fi network to which a preferred screen device can be then connected. Wireless transfer of image files according to their size showed delays of seconds. The maximum distance between a camera and a selected device for effective transmission of the image files was established as 20 meters.
T ethered photography is an advanced photographic strategy that has been applied by professional photographers for years. The principle of tethered photography lies in transmitting captured images from a digital camera into a computer or a mobile device, where the image files are saved to a hard drive and displayed on the device's screen within seconds. The connection between the digital camera and the selected display device (e.g., tablet, phablet, smartphone) may be established either with a cable (e.g., USB cable, Firewire connection) or wirelessly [1] .
Real-time visualization of captured images on a larger screen instead of the small rear screens of digital cameras permits immediate control of the required quality of photographs (e.g., framing, composition, depth of field, focus, exposure, color balance, etc.). Despite evident advantages, the lack of records in recent medicolegal literature suggests that tethered photography still has not been properly introduced into forensic pathology.
This technical note aims to demonstrate a simple tethered photographic approach allowing permanent and real-time visual control of all photographs taken in an autopsy room. The technique is based on using a memory card with built-in wireless fidelity (Wi-Fi) for digital cameras. Such memory cards have the capacity to establish own local wireless connection to either a mobile device or a local computer. The transfer of captured image files onto the device's screen, to be displayed or controlled remotely, is achieved without needing wires or cables. To our knowledge this is the first presentation of tethered photography based on built-in Wi-Fi memory cards in the medicolegal literature.
MATeriAl And MeThods
A basic setup for the presented tethered photography technique involves a memory card with built-in Wi-Fi capability, a software for wireless upload of photographs, a digital camera that supports Wi-Fi connectivity, and finally a display device.
For our own setup (Figs 1, 2) , we used the Eye Fi Mobi 16 GB memory card and the Eye Fi application for the operating system iOS (Wintec Industries Inc., Milpitas, CA, USA), the SanDisk Compact flash 4 GB memory card (SanDisk, Milpitas, CA, USA), the Nikon D800 digital single reflex camera (Nikon, Tokyo, Japan), the Rock Solid Articulating Arm with Center Lock with a Rock Solid Master Clamp (Tether Tools, Phoenix, AZ, USA), the AeroTab Universal Tablet Mounting System S4 (Tether Tools, Phoenix, AZ, USA) and a fourthgeneration iPad tablet computer (Apple Inc., Cupertino, CA, USA).
As the Nikon D800 allows simultaneous storage of image files into two memory cards we decided to take photographs in two different image formats. The first memory card slot with the Eye Fi mobi card was set to load image files in the JPEG format, as compressed files are advantageous for wireless uploading. The second slot loaded with the SanDisk memory card was customized for storage of images in the RAW format because the uncompressed data of RAW files permit further computer editing without losing visual information. The iPad with the installed Eye Fi application for wireless uploading was fixed to the autopsy table using the Rock solid articulating arm and the Rock solid master clamp.
resulTs
The captured images, in the compressed fivemegapixel JPEG format, were displayed on the tablet screen after pressing the shutter release button of the camera within 4-5 seconds. Our experiments revealed that the local network has an indoor maximum reach of 20 meters (without thick obstacles). The closer was camera-device distance, the faster was the wireless transfer of captured images and vice versa. Similarly, the larger image files required proportionally the longer uploading time.
discussion
Photography is an indispensable part of routine workflow in an autopsy room. Forensic pathologists ought to take photographs of all important external and internal findings revealed at autopsy. Photographs should be done even if negative findings are expected, as they may serve as key evidence for the absence of any significant pathology or injury. In some departments of forensic medicine it is even customary to photograph a body at the moment of its arrival as well as once the postmortem examination is finished. The main reason for this is to document the external appearance of the body both before and after the autopsy [2] [3] [4] [5] [6] .
In particular procedures, such as examining cutaneous injuries, anogenital lesions, certain ophthalmic findings (e.g., retinal hemorrhages), cavitary spaces (e.g., oral cavity, heart valves, vaginal orifice), detecting latent bloodstain patterns, visualizing tattoos or evaluating firerelated deaths, special photographic methods may be useful for postmortem visual documentation [7] [8] [9] [10] [11] [12] .
Depending on personal preferences and workplace protocols, photography can be organized and executed in a number of different strategies. In addition to the pathologist who conducts the autopsy the task can be carried out by a professional photographer, a personal assistant, an autopsy technician, or a fellow pathologist. Nevertheless, the final responsibility for the quality, accuracy, and originality of the captured images, whoever has taken them, is upon the forensic pathologist [3] .
Tethered photography provides a sophisticated solution to many difficulties resulting from collaborative photography at autopsy rooms. With tethered tools, the responsible professional has permanent visual control over crucial features of taken pictures (e.g., composition, framing, distraction, sharpness, depth of field, etc.) that are difficult to manage through small rear screens of digital cameras or adjust in post-processing [1] .
Our experience suggests that the best tethered photography solution for autopsy workflow is a wireless connection, as manipulation with wires and cables, although seemingly more reliable, may become hazardous and less comfortable. In addition to the cable-dependent arrangement, there are three other possible setups employing wireless tethering. The first encompasses memory cards that are capable of connecting to an existing local Wi-Fi network. Such a setup consists of a digital camera, a memory card supporting Wi-Fi connection, a computer or a mobile device, and Wi-Fi network. The necessity for an existing Wi-Fi network, however, may be limiting in some instances. The second and most advanced setup includes a special stand-alone device connected to a digital camera via a USB cable (e. g., CamRanger). This device can create its own ad hoc Wi-Fi network to which a computer or a mobile device can connect. Dedicated applications, furthermore, enable control over the camera (e.g., shutter speed, aperture, ISO, metering mode, shooting mode, white balance, etc.). Ultimately, some modern digital cameras are even capable of creating their own Wi-Fi network through which captured image files may be transmitted to a connected display device.
A major disadvantage of the presented wireless technique is a particular delay, because of the network transfer, between capturing of an image and its further displaying on the screen. In most cases, however, the time necessary to complete uploading of a five-megapixel JPEG file does not exceed 4-5 seconds. The total time necessary for uploading may vary according to the type of camera used and degree of compression of the JPEG format. The period also depends on the distance between the camera and screen device and the presence of obstacles between them. In a wired tethering scenario, however, the transmission and display of the image files is instantaneous.
conclusions
In conclusion, we have presented a simple wireless technique for tethered photography suitable for an autopsy room environment. The technique uses memory cards with built-in Wi-Fi to which a preferred screen device can then connect. The wireless live broadcast of images from the camera to a display device allows the visualizing and monitoring of basic features of captured images on larger screens with higher resolutions instead of using the limited rear displays of digital cameras, and thus increases the efficiency of teamwork between a forensic pathologist and a photographer.
